A computer program has been written to simulate the Brownian motion of rigid fluorescent molecules. The time dependence of the fluorescence polarization anisotropy as generated by this simulation is in agreement with that predicted by the recent theoretical treatment of Belford, Belford, and Weber (Proc. Nat. Acad. Sci. USA (1972USA ( ) 69, 1392USA ( -1393. The program thus serves as a verification of their equation. It is being generalized to cover the case of nonrigid molecules.
Observation of the Brownian motion of molecules in solution can be used to give information about molecular shape and flexibility. The measurement of time dependence of the polarization of fluorescence is among the techniques that can be used to perform these observations. In fluorescence polarization spectroscopy, a short pulse of polarized light is used to excite preferentially those molecules whose transition dipoles have the largest components parallel to the direction of polarization. This alignment causes an initial polarization of the fluorescence, and it is the gradual disappearance of this polarization, due to Brownian motion, that is monitored. Experimentally, one observes the emitted light at right angles to the direction of excitation and measures II (t) and I_ (t), the components of the fluorescence that are parallel to and perpendicular to the direction of polarization of the exciting light.
In principle, the polarization anisotropy (Fig. 1) is generated with a random number generator (5), which also produces the random rotational steps of Brownian motion. The laboratory frame is chosen with the Z axis parallel to the polarization vector of the exciting light, and the X and Y axes are the directions of excitation and observation, respectively. The initial generation is then done by taking into consideration (plus 20% bound water of hydration) and a molecular density of 1.30 g/cm3; the viscosity of the solvent is 1.0 cpoise, and the temperature is 270.
that the probability of absorption of a photon by the chromophore is proportional to the square of the cosine of the azimuthal angle of the absorption dipole. In order to specify the initial orientation of the molecule in the laboratory frame of reference, it suffices to specify the azimuthal angles of each of the molecular axes, because the probability of absorption of the exciting photon is independent of the polar angle of the absorption'dipole.
Neither is it necessary to know the polar angle of the emission dipole in order to determine II] and Il, when they are observed along the Y axis. Since the polar angles are initially randomly distributed and remain so throughout the Brownian motion, it is sufficient to determine the dependence of the probability that the emitted photon will travel in the Y direction on the polar angle 0, and to find the average value of this probability by integration over 0. To do this, let the vector r in Fig. 2 be the emission dipole for one molecule. The contribution that this molecule makes to III is given by the product of the square of the z component of r times the probability that the emitted photon will travel along the Y axis. For a radiating dipole, the intensity of the radiation is proportional [1] where the factor of 3/2 results from normalization. This gives I, = 3/2 cos2 0 sin2 f2 = 3/2 cos2 0 (1 -sin2 0 sin2 4).
Taking the average value of sin2 4 over the range 0 to 2Tr and simplifying, one obtains IIi = 3/4 cos2 0 (1 + cos2 0). [4] .X~~~~6 Fig. 3 . Note that the Brownian motion produces an initial increase in the anisotropy because of the orientation of the absorption and emission dipoles.
Proc. Nat. Acad. Sci. USA 69 (1972) n ni with the restriction that bt be small enough that the approximation sin (&Oj) 6wi is valid. There are several time steps per printout (usually 16), and at each printout the experimental anisotropy is calculated from the direction cosines of the emission dipoles and Eqs. 1-3, and the theoretical anisotropy is calculated from the Belford equation (4) . In addition to the printout, the program has a plotting routine that generates graphic output (Figs. 3-5) .
As input, the program requires specification of the number of molecules, the number of iterations per printout, the number of printouts, and the azimuthal and polar angles of the absorption and emission dipoles in the molecular coordinate system. The diffusion coefficients may be put in directly, or the program will calculate them from Perrin's equations (7) for the case of molecules that are ellipsoids of revolution. In -this case, the input to the program includes the axial ratio, the molecular weight and density, the viscosity of the solvent, the solvation, and the temperature. The program assumes the axis of symmetry to be axis 1 in the molecular frame. RESULTS A large number of test cases have been run; the parameters of molecular size and shape and the orientation of the absorption and emission dipoles have been varied. As a consequence of the good agreement between the simulated anisotropies and those predicted by the equation of Belford, Belford, and Weber (4) , it is safe to say that their equation has been confirmed. Plots of three cases are shown in Figs. 3-5, with one oblate and two prolate ellipsoids. Particularly interesting is the case shown in Fig. 5 , where the anisotropy initially increases, but then decays to zero. It was Perrin (8) who first noted that Brownian motion could produce an initial increase in polarization anisotropy.
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